(19)H*B4*tf/T (JP) 



<K> ^ §S & ¥t & n <A) 



(ll)»8W«aH## 

#01^10 - 22279 

(43)&II B ¥j£l0#(1998) 1^230 



©Olnta* iSSiJE^ ^^fi31## FI SW^SBf 

H0 1L 21/31 H0 1L 21/31 C 

C 2 3 C 16/50 C 2 3 C 16/50 

H0 1L 21/205 H0 1L 21/205 



tSi« 5fcS!3R »3fcfiCD«2 OL (± 5 H) 



(2i)me## 


ISP^- 172353 


(71)fflPA 


000003458 










C22)ifUBB 


¥<£8*(1996)7£2B 












fgiu » 








#WJftlS^^:|B32068<O3 Jft2t8tt8s£ 
























»Wlft?B*rfrAH2068©3 M^mmA 














(74)f^aA 


&m± mi. m& (*6«) 



(54) [9SW©*$W K*te^a^9X^CVDgg 



(57) imm] 

<Ci#<. £ft©CVDi8M£$&35JKff^-rSC<t 
<!:. 

«. 8Mn#©4 3 1 1 ; JS£^ 1 ©rtSB 

■Ctjffltt2 0 45^t5Xf-y4 1 <!: ; X:r-i>4 

tt»/X^2 1 i ; Kf^M^X;H 4 <b£JCo#* 
li :*m*.Z>. 




(2) 

1 

[<8f*fi#©®H] 

<t. 

•*> wgcD-gpfc -rn mass <t . 

8ufer>T-^(c^jsm^?r«*&^--s^— ©mast. io 

But BX t- - ycDlg&ai* £23$lT -SiBtCifiS LtElS 
X.»l>£. 

BUtB®3l*7 X y X;W £ BUS BJSf&tfXtfete ^ XjI/ £ CD 

rate, £" ^ FWDmrnzmsTzttbic. cwj 
t&<t f zsmm 1 «ciais©Bi^^M^7 xvc vog 

IS. 

[0 00 1] 

[2s?fi©jsi-rs«ffi#if] *mmx. mimest?** 

Sf&#X£#8Sl,T. s#ft±fc:S iO, 3?©itM£iifi 
S-ttSil^ie^M^^XvCVD^gecHT-SfecD-C* 30 
S. 

[0 00 2] 

D$£g (Inductive Coupled Plasma CVD System ) ©ft 
4t?^sS$ti-Ct,^„ 1 F*3K:«:. PM2<DrtJSK: 

aK«:e^ig©is^f*;g5#iaw6n. f§m<*&5©± 
K«^rv>^tR©7>7^6#i£g3ftTi>.5>. r 

>x^6«. •5"?5 1 >^!l<2'i'X7«:^>C-ri8fSigm© 40 

[ooo3]±i3 {c«^*-x*sjsm i pyems-? 

&&3Wx{»j|6yX;u 1 4#sg9:we>n. c©®gl;tfx« 

i&y X)i i 4«n^^x«*&fflcDieg i 3 wmtztix 

t>-5>. &SS?#X«:. ^3 1, jK-;U^';U^3 0, fig 
3HS£#2 9. 62fl3SC««^^X;H4* 
SJC^l«CDSim»5S5©TfflH : titt«:«$&3n 

[0004]-*. ®Ma»-C*i'i7X^2 0«, TS 
4fc3S3;*ftfct-* 1 9©_hCC-fev h$*i-5„ b-# 50 



#H*P 1 0-22 27 9 

2 

1 9©SBiC«. SfflcDSStS 1 8#Eg£*rC(,>-5„ 

t - * i 9 ©±*«c « . S3?t?-e > ^«©sio*'x « 
*&^XjU2 i^6iatte9. JSio^x*^g[';>y 
©PW%|fi)crci«ffiT£©tt:fcr>-ct,>£„ c©SJC*'x 
M^X*2 liCtt, T^4*»ii-r-SiB'g2 4*i«g| 
ffig2 4 ^/M,rJglS^©J1-g|J^6S{t.*'X*s#i 

[0 00 5] ^5C. C©i^S^7X7CVDgl 

©s&©8t^£. V3."2 o_bcs i o, atjg*j&jW 

MlrtOt-f 1 9©±K-fe-, H/fct, 8Mtr2 6 
T. Wx.lt. 1 0- 5 Torr g "C Jt^SVT £ . 

[0006] t-£ i 9«cm^*«*&L/r. Bff)E©aa 
£-e (3 o o~5 0 o-cmg) g-c#*s-r£. 

SlE^ 1 ©rta5fc^*'X«*&^X;l/ 1 4 £*tLTit* 
#X£t&£-r£ 5)£^iLryi'a-Jl'i' 
7>#X (S i Hi CI, ) £&I&#X4ttjt6^X.fU2 1 

[0 007] KicM 1 f*!<DKJjZmmfchlC3$ffi Lfc 

titcmmtfxMmmztix. mrnms. 5 <DTm<cm^n 

2 8d3A^^3<T.^r§tt^{cJ:or^3>i-r. * 
©*§m> i >xa2 0(D±KS i O, ©»^iiS§ti 

[0 00 8] itM©^fiS#3ST Lfcfg. ^Jgi£H®8 £ 
9)0. &3&#x. y^a-;U^7>y/x©^^± 

cn6©#X£. ®c:^lF*33& : >6gfm < g2 6*/M. 
rpaur. ?5M©^^n42X*«T-r-&. 

[0 009] (Wk&imommgJ ±IB©««:^«: 
«^.fcS£*©Sl^^S!^7XvCV DggKilt 
«. TfB©«&WS**s*-2.. 

[0010] a. S»©S i O, Si^ft-S^ti. 7*5 

xv dJ-e^fiS? titcm&mm&iiftte&x v x^^sfc 
ftftmsicm^ox. 7 - 7X?i')i^i©ii^j 
s*5^c»t§^. n©s i o, mmw^zti-r. 

[00 1 1 ] b. y^a-;Ui"7>*. ?x/MD^ffiifi 
^e>«*&Ort,»-S©-C, ^^Xvi^i^iOD^RI^ 
itt'WWStctS^r. y^a-^i/^-7>©^&>'Xji/<t7' 
7X7ifflSSfeffi$5. c©«/5c«S|-CS^©^* 

^b*-cs igsa^^sn*©^. -?>««5m®©gf 



C3) 

3 

[0012] c. yL±<Dmt£is?V- fris ^XD&frM 
#J«tt<DS«**:» R« 

[0 0 14] 

c±tt<. MtOCVDtOi«M*A<S 

*a-r & c <t j^ttttRaws^ai^ x v D3£g£ii 

[0015] 

RSti* RlSS©rt»CCjRj£^X4^T*J5l£^« 30 
*£>/X;U<h, «r«itfctlWtt^a[^XvCVD«ai«: 
teOT, frffiBW^X^yXJl/iialBSxE^xfl»&-/ 

[0016] fcfc. ±IB<D^'; ? FtR<&«« £tt* W%- 
^»©»a?W«R^6nA:^BHR. *4C^»^K« 

(MH^-ttiroajc. **»$s»«:aair* c £*nattfc 

[0017] £/c v fulB^ 1 ; ? Ftt©«*CfiHf 40 

gt^ri(D«a(«iRjnR«s&Lr. wb^^ f«© 

[0018] HTK. *a9JCCj:*BWIS^ai^^X^ 
CVDWWftftlWr*. »«^^«»^X;^6 

— Rj£^xe»&yX^6X^-^±<D 



ErfH* 1 0-22 27 9 

4 

[00 19] *«B8«:j:«BaWS^[^XvCVDi6 

#x s n s»&w*<E>3tffiia^« t ©mi «c y 

[0020] S^JSK^n-feXttyc, S98B«S«:3r5E 

#X ©«»JB3&s fflWJ $ n £ o 
[0 02 1] 

^7 X7C v Dia©«fi©-«*^t. sftait*. 

±M^C«, E^l^RWifcS5#RW6ftTC>*. 

^5cr)_htc«, «»o»;>yttT>^6*«Rasn 

HKttK5 t±M3 tVVBKte, 0';>^9*5EI 

[0 02 2 ] J5JS5S 1 ©T*4©±CCttXf -^4 1 ifi 
mmZtiXto*), ^7 % -l/4 1O±»«:»>x;>2 0 (» 
#-te* F3ft&„ Sc*5. C©Wt?tt> ^x^2 
0<DV -/X»6 ^>7^ (150mm*) r£>£„ 

[0023] t^4 cc»»mr2 63&sse»snT:fet) . 

»»flB»0-^y-#>^4 5CcS*fc3tin^. KJfi 
a 1 <ELh^ 3 OTHRc »SR#X *Wt«K 5 <DT® 

KS^nTC^o c©^xM^X;H4(t JKJ£ 
ai©^»«cEaStifcRJRjK>^< (c8M 
Snw*. «C*5, «fffl5©ffidfiB3 0 0mmt? 
*0, ifSf*S50DTffi^6Si«^X«t&-/X;H4* 
r(D^g|« 1 5 mm-C£>£o 

[0 024] X^-^4 1 <D±3flC\Zs zstV-fris? 

RJ£^X«|&-/X^2 ltfBRSti. SJ£^Xfit*&yX 
;U2 IB, Jg^^l(D^a5tCgBa^ti^SJS^X«|&® 
(HSHiT) tcS^$nri^ a SJS^X«*&yXJl,2 
ltt, aitc^-rfilcc, ^x;>2 0CD^SP©±^«:tt 



5 

SJS#*««&-'Xfl'2 1 *r©Etttt2 5mm-C*S. 
[0 02 5] JgKl. if^/^M^ *>\> 1 4 tfxfciJX 

m % aS3 2 Omm(D^J<D»g"C**K C0Dm@5 1 
(C{i(SS3mmCOSjl?l5 2**. »nfn6mmf 

ftyX;H4Jt(D»«10mm, «S5 1^6Sj£ 

[0 02 6] SJ^m^gBKKJ, mS5 1 &C*f OTHJE 

£«*&T£ii©5 3 (#-©*»> »^firc^, 
c^e>nr*50, «»5 3<tm@5 i*«8W*Ei»5 7 

(DS^cc-otir, ^xy>2 oo^mccs i o, OSM^ 

f*iS53\ gf^2 6^/M/r^-^T-^>y4 3tcJ: 
0, 1 0- 8 Torr £rgf^T6o 
[0 02 8li^i|&/X;H4^6 k 0. 5SL 
M©BBR^*Sl6Sl©rt»«:«|&r*. Kl6;tf*« 
|&/X;l.2 1^6, 0. lSLM©^^o-;k>7>^ 

x(siH 2 ci, ) zm&?z 0 

[0 029] JSJ^lrt<DEft£ 1 0- 1 Torr KpgSL 

/c«. n@5 i k- 3 o v<o«EE*H«irr*. aran 

^6CC3KW<Di©jaig^^J&-r^o W_Bc<£or, 
Xv2 8^M$n^ 

[0 030] iMX77X72 8<DF*jSMC:fcW£m^ 
iJSj£^e«&-/Xjl/2 1 i©IHCCiB{a3nft:««5 1 

cc-sovcomffi^nsn-r^ci&cior, c©«tt* 

[0 03 1 ]-^; if^7*7Xv2 8*'CtSSn 
fcrStt«l*W, 1. 6xio- 19 C©W5*W0"Cl>4 

n/cSil?L5 2*ffijau, *x^2 0©«ffijfi«KCiOil 

-r^o ^x^2 0coa®ia^«*&3ti^c^^ci-^-> 
OJiCCS i o, <D»M^*s-r^ 0 

[0032] &*5. *Sb/c^lcD^a«. 



(4) «fB¥ 1 0-22 27 9 

6 

f?±U Ct\P><DtfX*. SJ£^1^6Sf^2 6^r 
[003 3] &*>\ 1 <^CC^L;Mfi*£fc:|& 

[0034] v Kt£<DH@5 1 » % ^JUSCC 

[0035] iiBR^©* CC. F9*«3 

[003 6] 

mBf&ztf sterns, T>T+±<y*^m.m£-c<Dmm 

iiSi lt5Mm/m i n^6M. 
[003 7] 

^X77X7MW^^i/^Il5tWi, se 

[0 03 8] ccdm^, ^^x-7^r^x$n/cr£ftK 

(DC V D < ^fiST ^Ci *^BJt6CC tt o /Co 

[Hffi©ffl*ttlttW] 
50 [HI ] *^I<gi^^X7CVDgi© 



7 

1 • • • SJCc^ 

2 • • - 

3 • • • _LSL 

4 • - . m 

5 • • • mmft&. 

6 • • • v>#vtT>f'i m * 

7 ■ • • ^5r*>y#? 

8 • • * B>J3&m (»— . 

19—- fc:-*, 

[0 1 ] 



.^7 




(5) 1f 1 0-22 27 9 

8 



*20 • 


. • ^ 


2 1 • 




2 6 • 




27 • 




28 • 




3 1 • 




4 1 • 




43 • 




4 5 • 




10 5 1 • 




5 2 • 




5 3 • 


■ • sas <#-©«■> . 



5 5 . 5 6 • • • ISigSf 




Searching PAJ 



1/2 ^—is 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 1 0-022279 

(43)Date of publication of application : 23.01.1998 



(51)Int.CI. 



H01L 21/31 
C23C 16/50 
H01L 21/205 



(21 Application number : 08-172353 
(22)Date of filing : 02.07.1 996 



(71 Applicant : TOSHIBA MACH CO LTD 
(72)Inventor : FUKUYAMA SATOSHI 
ASANOME YUTAKA 



(54) INDUCTIVE COUPLED PLASMA CVD DEVICE 

(57)Abstract: 
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distance from an antenna to the wafer surface and effectively form a 
CVD thin film of good quality by providing a grid-shaped electrode 
between a gaseous oxygen supply nozzle and a reactive gas supply 
nozzle. 
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gas supply nozzle 21, the grid-shaped electrode 51 is so arranged as to 
completely shield the lower side of the ring-shaped gaseous oxygen 
supply nozzle 14. The energy of electrons in gaseous oxygen plasma 28 
is very large. The electrode 51 is applied with a voltage of, for example, - 
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plasma generation area 28. Therefore, the over decomposition of 
gaseous dichlorosilane can be suppressed. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A reaction chamber, an exhaust air means to exhaust the interior of a reaction chamber, and the stage 
that is arranged inside a reaction chamber and supports processed material, The dielectric window which the 
party wall which is prepared so that said stage may be countered, and constitutes a reaction chamber makes in 
part, The antenna which approached said dielectric window and has been arranged to the exterior of a reaction 
chamber, and the first power source which supplies high-frequency power to said antenna, The oxygen gas 
supply nozzle which approaches said dielectric window, is arranged inside a reaction chamber, and supplies 
oxygen gas to the interior of a reaction chamber, In the inductive coupled plasma CVD system equipped with the 
reactant gas supply nozzle which approaches the field which supports the processed material of said stage, is 
arranged, and supplies reactant gas to the interior of a reaction chamber The inductive coupled plasma CVD 
system characterized by establishing the second power source which supplies an electrical potential difference 
to the electrode of the shape of this grid while arranging a grid-like electrode between said oxygen gas supply 
nozzle and said reactant gas supply nozzle. 

[Claim 2] The inductive-coupling mold BURAZUMA CVD system according to claim 1 characterized by using said 
second power source as an RF generator while covering the electrode of the shape of said grid with a quartz. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] * 

[Field of the Invention] this invention — an inductive coupled plasma CVD system — starting — especially — 
the oxygen gas plasma — using — reactant gas — decomposing — a sample top — Si02 etc. — it is related 



with the inductive coupled plasma CVD system on which a thin film is made to deposit. 
[0002] 

[Description of the Prior Art] An example of the structure of the conventional inductive coupled plasma CVD 
system (Inductive Coupled Plasma CVD System) is shown in drawing 2 . The reaction chamber 1 consists of a 
side attachment wall 2, a top cover 3, and a lower lid 4. In the reaction chamber 1, the circular ring 27 made from 
a quartz is arranged along with the inner circumference of a side attachment wall 2. The dielectric window 5 
made from a quartz is formed in the top face of a top cover 3, and the ring-like antenna 6 is installed by copper 
on the dielectric window 5. The antenna 6 is connected to RF generator 8 through the matching box 7. 
[0003] The oxygen gas supply nozzle 14 which supplies oxygen gas in a reaction chamber 1 is formed in a top 
cover 3, and the piping 13 for oxygen gas supply is connected to this oxygen gas supply nozzle 14. Oxygen gas is 
supplied near the bottom of the dielectric window 5 in a reaction chamber 1 through a bomb 31, a ball valve 30, a 
flow control valve 29, piping 13, and the oxygen gas supply nozzle 14. 

[0004] On the other hand, the wafer 20 which is processed material is set on the heater 19 supported by the 
lower lid 4. Around the heater 19, several sets of reflecting plates 18 are arranged. The ring-like reactant gas 
supply nozzle 21 is formed above the heater 19 by the product made from a quartz, and reactant gas is turned 
to the inside of the ring concerned, and it spouts. The piping 24 which penetrates the lower lid 4 is connected to 
this reactant gas supply nozzle 21, and reactant gas is supplied from the exterior of a reaction chamber through 
piping 24. Moreover, the exhaust pipe 26 is connected to the lower lid 4, and evacuation inside a reaction 
chamber 1 is performed. 

[0005] Next, it is the outline of operation of this inductive coupled plasma CVD system on a wafer 20 Si02 The 
case where a thin film is formed is taken and explained to an example, first, the exhaust pipe 26 after setting a 
wafer 20 on the heater 19 in a reaction chamber 1 — minding — the inside of a reaction chamber 1 — a 
vacuum pump (not shown) — for example, 10-6 Torr up to — evacuation is carried out. 

[0006] Power is supplied to a heater 19 and a temperature up is carried out to (about 300-500 degrees C) to 
predetermined temperature. While supplying oxygen gas to the interior of a reaction chamber 1 through the 
oxygen gas supply nozzle 14, JIKURORU silane gas (SiH2 CI2) is supplied at a predetermined rate to oxygen gas 
after a temperature up through the reactant gas supply nozzle 21 as reactant gas. 

[0007] After adjusting the pressure in a reaction chamber 1 to a predetermined pressure, high-frequency power 
is supplied to an antenna 6 through a matching box 7. The oxygen gas supplied in the reaction chamber 1 is 
excited by this, and the oxygen gas plasma 28 is formed in the dielectric window 5 bottom of it. It is decomposed 
by the active oxygen supplied out of the oxygen gas plasma 28, consequently the JIKURORU silane gas supplied 
near the front face of a wafer 20 is Si02 on a wafer 20. A thin film accumulates. 

[0008] After formation of a thin film is completed, RF generator 8 is shut off, supply of oxygen gas and 
JIKURORU silane gas is suspended, these gas is exhausted through an exhaust pipe 26 from the inside of a 
reaction chamber 1, and the formation process of a thin film is completed. 

[0009] (Trouble of a Prior art) There are the following troubles about the conventional inductive coupled plasma 
CVD system equipped with the above structures. 

[0010] a. Good Si02 In order to obtain a thin film, it is required to supply the active oxygen generated in the 
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plasma to a wafer front face in sufficient amount. However, since the life of active oxygen is very short, the 
distance of the plasma and a wafer must be brought as much as possible close. In addition, when there is little 
amount of supply of active oxygen, it is good Si02. A thin film is not obtained but it becomes factors, such as 
crack initiation. 

[0011] b. It is shortened by the distance of the supply nozzle of a JIKURORU silane, and the plasma as spacing 
of the plasma and a wafer is brought close, since the JIKURORU silane is supplied from near the front face of a 
wafer. If a thin film is formed in such the condition, since a JIKURORU silane will also be decomposed by the 
high energy electron formed in coincidence in the plasma and Si particle will be formed in a gaseous phase of it, 
a good thin film is not obtained too. 

[0012] c. If ON/OFF of high-frequency power is performed on a predetermined frequency in order to control the 
excessive solution of the above JIKURORU silanes, and to aim at the fall of the electron temperature in the 
plasma, as a result of electron temperature's falling and also controlling activation of oxygen gas in connection 
with this, it will curve and membraneous quality will deteriorate. 

[0013] d. Moreover, since the rate of sedimentation of a thin film is increased, if the flow rate of a JIKURORU 
silane is increased, the amounts of active oxygen run short. Moreover, if the flow rate of the oxygen gas supplied 
that this should be improved is increased, it is necessary to increase the capacity of an exhauster. However, if 
capacity of an exhauster is enlarged, the jump of facility cost will be caused. 
[0014] 

[Problem(s) to be Solved by the Invention] It is in offering the inductive coupled plasma CVD system which can 
form a good CVD thin film efficiently, without the technical problem of this invention causing increase of facility 
cost and a running cost in view of the above problems. <BR> [0015] 

[Means for Solving the Problem] An exhaust air means by which the inductive coupled plasma CVD system of 
this invention exhausts the interior of a reaction chamber and a reaction chamber. The dielectric window which 
the party wall which is arranged inside a reaction chamber, is prepared so that the stage which supports 
processed material, and said stage may be countered, and constitutes a reaction chamber makes in part, The 
antenna which approached said dielectric window and has been arranged to the exterior of a reaction chamber, 
and the first power source which supplies high-frequency power to said antenna, The oxygen gas supply nozzle 
which approaches said dielectric window, is arranged inside a reaction chamber, and supplies oxygen gas to the 
interior of a reaction chamber, In the inductive coupled plasma CVD system equipped with the reactant gas 
supply nozzle which approaches the field which supports the processed material of said stage, is arranged, and 
supplies reactant gas to the interior of a reaction chamber It is characterized by establishing the second power 
source which supplies an electrical potential difference to the electrode of the shape of this grid between said 
oxygen gas supply nozzle and said reactant gas supply nozzle, while having arranged the grid-like electrode. 
[0016] In addition, the electrode of the shape of an above grid means the electrode of the configuration like the 
metal plate with which many through tubes were prepared, or a metal grid which can be easily penetrated by the 
gas. 

[0017] Moreover, this electrode is covered with silica glass etc. when the contamination in the reaction chamber 
resulting from the electrode of the shape of said grid poses a problem. However, it is necessary to supply high- 
frequency voltage to the electrode of the shape of said grid by using said second power source as an RF 
generator in that case. 

[0018] Below, an operation of the inductive coupled plasma CVD system by this invention is explained. The 
oxygen gas supplied near the dielectric window from the oxygen gas supply nozzle will be excited by the RF 
electric field formed by the antenna, and will be in the plasma state. On the other hand, the reactant gas 
supplied near the front face of the processed material on a stage from the reactant gas supply nozzle is 
decomposed by the active oxygen which was generated in the oxygen gas plasma and reached near the front 
face of processed material, consequently deposition of a thin film takes place to the front face of processed 
material. 

[0019] In the inductive coupled plasma CVD system by this invention, the grid-like electrode has been arranged 
between the above oxygen gas plasma production fields and the field near the front face of processed material 
to which reactant gas is supplied, and between these two fields is divided into it. 

[0020] He is trying for the high energy electron leading to the excessive solution to not to trespass upon the 
field near the front face of processed material from an oxygen gas plasma production field by impressing a 
predetermined electrical potential difference into the process of thin film formation at said electrode. That is, if 
potential of said electrode is made equal to plasma potential, the current (namely, flow of ion and an electron) 
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which flows between a plasma production field and the fields near the front face of processed material will be 
lost. Moreover, if potential of said electrode is made small compared with plasma potential, it will be prevented 
that a high energy electron trespasses upon the field near the front face of processed material from a plasma 
production field, and the excessive solution to will be controlled. 
[0021] 

[Embodiment of the Invention] An example of the structure of an inductive coupled plasma CVD system based 
on this invention is shown in drawing 1 . The reaction chamber 1 consists of a side attachment wall 2, a top 
cover 3, and a lower lid 4. The dielectric window 5 made from a quartz is formed in the top face of a top cover 3. 
The copper ring-like antenna 6 is installed on the dielectric window 5, and the ring-like antenna 6 is connected 
to RF generator 8 (the first power source) through the matching box 7. Between the dielectric window 5 and the 
top cover 3, O ring 9 is arranged and the seal of the interior of a reaction chamber 1 is carried out. 
[0022] The stage 41 is installed on the lower lid 4 of a reaction chamber 1, and a wafer 20 (processed material) 
is set to the upper part of a stage 41. In addition, in this example, the size of a wafer 20 is 6 inches (150mmphi). 
[0023] The exhaust pipe 26 is connected to the lower lid 4, a turbo molecular pump 43 is connected to an 
exhaust pipe 26, and the exhaust side is connected to the rotary pump 45. The oxygen gas supply nozzle 14 of 
the shape of a ring which turns and supplies oxygen gas to the inferior surface of tongue of a dielectric window 5 
is arranged at the top-cover 3 bottom of a reaction chamber 1. This oxygen gas supply nozzle 14 is connected 
to the oxygen cylinder (not shown) arranged to the exterior of a reaction chamber 1. In addition, the effective 
diameter of a dielectric window 5 is 300mm, and the distance from the inferior surface of tongue of a dielectric 
window 5 to the oxygen gas supply nozzle 1 4 is 1 5mm. 

[0024] The reactant gas supply nozzle 21 which supplies JIKURORU silane gas (reactant gas) near the front face 
of a wafer 20 above the stage 41 is arranged, and the reactant gas supply nozzle 21 is connected to the 
reactant gas source of supply (not shown) arranged to the exterior of a reaction chamber 1. As shown in drawin g 
1 , the reactant gas supply nozzle 21 is located above the core of a wafer 20, turns JIKURORU silane gas to 
wafer 20 downward front face, and spouts it. In addition, the distance from the wafer 20 to the reactant gas 
supply nozzle 21 is 25mm. 

[0025] Furthermore, between the oxygen gas supply nozzle 14 and the reactant gas supply nozzle 21, the grid- 
like electrode 51 is arranged so that the ring-like nozzle [ oxygen gas supply ] 14 bottom may be covered 
completely. This electrode 51 is copper sheet metal with 1mm [ in thickness ], and a diameter of 320mm, and the 
through tube 52 with a diameter of 3mm is arranged by this electrode 51 in 6mm pitch of each every direction. 
Moreover, the distance from 10mm and the electrode 51 to the reactant gas supply nozzle 21 of the distance 
from the electrode 51 to the oxygen gas supply nozzle 14 is 18mm. 

[0026] The power source 53 (the second power source) which supplies an electrical potential difference to an 
electrode 51 is formed in the exterior of a reaction chamber. In addition, the electrode 51 is attached in the 
reaction chamber 1 using the insulating insulator 55, and the insulating insulator 56 is formed in the part by 
which the wiring 57 which connects an electrode 51 with a power source 53 penetrates a reaction chamber 1. 
[0027] Next, it is Si02 to the front face of a wafer 20 about operation of this inductive coupled plasma CVD 
system. It explains taking the case of the case where a thin film is formed, the interior of the reaction chamber 1 
after setting a wafer 20 on the stage 41 in a reaction chamber 1 — an exhaust pipe 26 — minding — a turbo 
molecular pump 43 — 10-6 Torr up to — it exhausts. 

[0028] From the oxygen gas supply nozzle 14, the oxygen gas of 0.5SLM is supplied to the interior of a reaction 
chamber 1. From the reactant gas supply nozzle 21, the JIKURORU silane gas (SiH2 CI2) of 0.1 SLM is supplied. 
[0029] It is 10-2 Torr about the pressure in a reaction chamber 1. After adjusting, the electrical potential 
difference of -30V is impressed to an electrode 51. 3kW high-frequency power is supplied to the ring-like 
antenna 6 through a matching box 7 from RF generator 8. Oxygen gas is excited by the above and the oxygen 
gas plasma 28 is formed in the dielectric window 5 bottom of it. 

[0030] The energy of the electron in the interior of the oxygen gas plasma 28 is very large. By impressing the 
electrical potential difference of -30V to the electrode 51 arranged between the oxygen gas supply nozzle 14 
and the reactant gas supply nozzle 21, it is prevented that such a high energy electron trespasses upon the field 
near the front face of a wafer 20 from the oxygen plasma production field 28, and the excessive solution of 
JIKURORU silane gas is controlled. 

[0031] On the other hand, since the active oxygen generated in the oxygen gas plasma 28 has the charge of 
1.6x10-19 C, it is accelerated with an electrode 51, and it passes the through tube 52 prepared in the electrode 
51, and reaches near the front face of a wafer 20. It is decomposed by this active oxygen and the JIKURORU 
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silane gas supplied near the front face of a wafer 20 is Si02 on a wafer 20. A thin film accumulates. 
[0032] In addition, management of the deposited thickness may be managed by in situ observation, and may be 
managed by the membrane formation rate and time amount After formation of a thin film is completed, RF 
generator 8 and a power source 53 are shut off, supply of oxygen gas and JIKURORU silane gas is suspended, 
these gas is exhausted through an exhaust pipe 26 from the inside of a reaction chamber 1, and the formation 
process of a thin film is completed. 

[0033] In addition, this invention is not limited to the configuration shown in the example of drawing 1 , but can 
perform and apply various deformation. For example, as a dielectric window 5, although an electric wave besides 
a quartz is penetrated, infrared radiation can also use an ingredient like the alumina which is not penetrated. If 
needed, the ring-like antenna 6 can also consist of tubular members so that cooling water may be poured to the 
interior. Although the stage 41 is made fixed in this example, it can also make pivotable structure homogeneity in 
a wafer of a thin film formation rate that it should improve. In this example, although not carried out, the 
temperature up of a wafer 20 builds a heater into the interior of a stage 41, when performing a temperature up. It 
is also good to lay on a stage 41, and it can also fix maintenance of a wafer 20 to a stage 41 using a vacuum 
chuck etc. 

[0034] Moreover, what prepared many slots besides a round hole in the metal plate is sufficient as the grid-like 
electrode 51, or a wire gauze-like thing is sufficient as it. Moreover, an electrode 51 is covered with silica glass 
etc. when the contamination in the reaction chamber resulting from an electrode 51 poses a problem. However, 
it is necessary to use a power source 53 as an RF generator, and to supply high-frequency voltage to an 
electrode 51 in that case, and, and a matching box is needed. 

[0035] Moreover, inert gas like nitrogen gas may be mixed into the oxygen gas to supply. Such an approach is 
useful, when changing a refractive index in manufacture of optical waveguide and forming membranes. 
[0036] 

[Example] When 3kW high-frequency power was impressed to an antenna, thin film formation was performed 
using the inductive coupled plasma CVD system of the conventional structure and the distance to an antenna 
and a wafer front face was close brought to 40mm, generating of Si particle was seen and membraneous quality 
got very bad. However, in the inductive coupled plasma CVD system of this invention, when the thin film was 
formed on the same conditions as the above, 5 micrometer/min was completely obtained as a membrane 
formation rate satisfactory on membraneous quality. 
[0037] 

[Effect of the Invention] In the inductive coupled plasma CVD system by this invention, a grid-like electrode is 
arranged between an oxygen gas supply nozzle and a reactant gas supply nozzle. The distance from an oxygen 
gas plasma formation field to a wafer front face, therefore the distance from an antenna to a wafer front face 
can be shortened. 

[0038] Consequently, it became possible to form a good CVD thin film efficiently, without having come to supply 
efficiently the active oxygen generated in the plasma to a wafer front face, and causing increase of facility cost 
and a running cost. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] this invention — an inductive coupled plasma CVD system — starting — especially — 
the oxygen gas plasma — using — reactant gas — decomposing — a sample top — Si02 etc. — it is related 
with the inductive coupled plasma CVD system on which a thin film is made to deposit. 
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PRIOR ART 



[Description of the Prior Art] An example of the structure of the conventional inductive coupled plasma CVD 
system (Inductive Coupled Plasma CVD System) is shown in drawing 2 . The reaction chamber 1 consists of a 
side attachment wall 2, a top cover 3 r and a lower lid 4. In the reaction chamber 1, the circular ring 27 made from 
a quartz is arranged along with the inner circumference of a side attachment wall 2. The dielectric window 5 
made from a quartz is formed in the top face of a top cover 3 f and the ring-like antenna 6 is installed by copper 
on the dielectric window 5. The antenna 6 is connected to RF generator 8 through the matching box 7. 
[0003] The oxygen gas supply nozzle 14 which supplies oxygen gas in a reaction chamber 1 is formed in a top 
cover 3, and the piping 13 for oxygen gas supply is connected to this oxygen gas supply nozzle 14. Oxygen gas is 
supplied near the bottom of the dielectric window 5 in a reaction chamber 1 through a bomb 31, a ball valve 30, a 
flow control valve 29, piping 13, and the oxygen gas supply nozzle 14. 

[0004] On the other hand, the wafer 20 which is processed material is set on the heater 19 supported by the 
lower lid 4. Around the heater 19, several sets of reflecting plates 18 are arranged. The ring-like reactant gas 
supply nozzle 21 is formed above the heater 19 by the product made from a quartz, and reactant gas is turned 
to the inside of the ring concerned, and it spouts. The piping 24 which penetrates the lower lid 4 is connected to 
this reactant gas supply nozzle 21, and reactant gas is supplied from the exterior of a reaction chamber through 
piping 24. Moreover, the exhaust pipe 26 is connected to the lower lid 4, and evacuation inside a reaction 
chamber 1 is performed. 

[0005] Next, it is the outline of operation of this inductive coupled plasma CVD system on a wafer 20 Si02 The 
case where a thin film is formed is taken and explained to an example, first, the exhaust pipe 26 after setting a 
wafer 20 on the heater 19 in a reaction chamber 1 — minding — the inside of a reaction chamber 1 — a 
vacuum pump (not shown) — for example, 1 0-6 Torr up to — evacuation is carried out. 

[0006] Power is supplied to a heater 19 and a temperature up is carried out to (about 300-500 degrees C) to 
predetermined temperature. While supplying oxygen gas to the interior of a reaction chamber 1 through the 
oxygen gas supply nozzle 14, JIKURORU silane gas (SiH2 CI2) is supplied at a predetermined rate to oxygen gas 
after a temperature up through the reactant gas supply nozzle 21 as reactant gas. 

[0007] After adjusting the pressure in a reaction chamber 1 to a predetermined pressure, high-frequency power 
is supplied to an antenna 6 through a matching box 7. The oxygen gas supplied in the reaction chamber 1 is 
excited by this, and the oxygen gas plasma 28 is formed in the dielectric window 5 bottom of it. It is decomposed 
by the active oxygen supplied out of the oxygen gas plasma 28, consequently the JIKURORU silane gas supplied 
near the front face of a wafer 20 is Si02 on a wafer 20. A thin film accumulates. 

[0008] After formation of a thin film is completed, RF generator 8 is shut off, supply of oxygen gas and 
JIKURORU silane gas is suspended, these gas is exhausted through an exhaust pipe 26 from the inside of a 
reaction chamber 1, and the formation process of a thin film is completed. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In the inductive coupled plasma CVD system by this invention, a grid-like electrode is 
arranged between an oxygen gas supply nozzle and a reactant gas supply nozzle. The distance from an oxygen 
gas plasma formation field to a wafer front face, therefore the distance from an antenna to a wafer front face 
can be shortened. 

[0038] Consequently, it became possible to form a good CVD thin film efficiently, without having come to supply 
efficiently the active oxygen generated in the plasma to a wafer front face, and causing increase of facility cost 
and a running cost. 
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TECHNICAL PROBLEM 



(Trouble of a Prior art) There are the following troubles about the conventional inductive coupled plasma CVD 
system equipped with the above structures. 

[0010] a. Good Si02 In order to obtain a thin film, it is required to supply the active oxygen generated in the 
plasma to a wafer front face in sufficient amount. However, since the life of active oxygen is very short, the 
distance of the plasma and a wafer must be brought as much as possible close. In addition, when there is little 
amount of supply of active oxygen, it is good Si02. A thin film is not obtained but it becomes factors, such as 
crack initiation. 

[001 1] b. It is shortened by the distance of the supply nozzle of a JIKURORU silane, and the plasma as spacing 
of the plasma and a wafer is brought close, since the JIKURORU silane is supplied from near the front face of a 
wafer. If a thin film is formed in such the condition, since a JIKURORU silane will also be decomposed by the 
high energy electron formed in coincidence in the plasma and Si particle will be formed in a gaseous phase of it, 
a good thin film is not obtained too. 

[0012] c. If ON/OFF of high-frequency power is performed on a predetermined frequency in order to control the 
excessive solution of the above JIKURORU silanes, and to aim at the fall of the electron temperature in the 
plasma, as a result of electron temperature's falling and also controlling activation of oxygen gas in connection 
with this, it will curve and membraneous quality will deteriorate. 

[0013] d. Moreover, since the rate of sedimentation of a thin film is increased, if the flow rate of a JIKURORU 
silane is increased, the amounts of active oxygen run short. Moreover, if the flow rate of the oxygen gas supplied 
that this should be improved is increased, it is necessary to increase the capacity of an exhauster. However, if 
capacity of an exhauster is enlarged, the jump of facility cost will be caused. 
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MEANS 



[Means for Solving the Problem] An exhaust air means by which the inductive coupled plasma CVD system of 
this invention exhausts the interior of a reaction chamber and a reaction chamber. The dielectric window which 
the party wall which is arranged inside a reaction chamber, is prepared so that the stage which supports 
processed material, and said stage may be countered, and constitutes a reaction chamber makes in part, The 
antenna which approached said dielectric window and has been arranged to the exterior of a reaction chamber, 
and the first power source which supplies high-frequency power to said antenna, The oxygen gas supply nozzle 
which approaches said dielectric window, is arranged inside a reaction chamber, and supplies oxygen gas to the 
interior of a reaction chamber, In the inductive coupled plasma CVD system equipped with the reactant gas 
supply nozzle which approaches the field which supports the processed material of said stage, is arranged, and 
supplies reactant gas to the interior of a reaction chamber It is characterized by establishing the second power 
source which supplies an electrical potential difference to the electrode of the shape of this grid between said 
oxygen gas supply nozzle and said reactant gas supply nozzle, while having arranged the grid-like electrode. 
[0016] In addition, the electrode of the shape of an above grid means the electrode of the configuration like the 
metal plate with which many through tubes were prepared, or a metal grid which can be easily penetrated by the 
gas. 

[0017] Moreover, this electrode is covered with silica glass etc. when the contamination in the reaction chamber 
resulting from the electrode of the shape of said grid poses a problem. However, it is necessary to supply high- 
frequency voltage to the electrode of the shape of said grid by using said second power source as an RF 
generator in that case. 

[0018] Below, an operation of the inductive coupled plasma CVD system by this invention is explained. The 
oxygen gas supplied near the dielectric window from the oxygen gas supply nozzle will be excited by the RF 
electric field formed by the antenna, and will be in the plasma state. On the other hand, the reactant gas 
supplied near the front face of the processed material on a stage from the reactant gas supply nozzle is 
decomposed by the active oxygen which was generated in the oxygen gas plasma and reached near the front 
face of processed material, consequently deposition of a thin film takes place to the front face of processed 
material. 

[0019] In the inductive coupled plasma CVD system by this invention, the grid-like electrode has been arranged 
between the above oxygen gas plasma production fields and the field near the front face of processed material 
to which reactant gas is supplied, and between these two fields is divided into it. 

[0020] He is trying for the high energy electron leading to the excessive solution to not to trespass upon the 
field near the front face of processed material from an oxygen gas plasma production field by impressing a 
predetermined electrical potential difference into the process of thin film formation at said electrode. That is, if 
potential of said electrode is made equal to plasma potential, the current (namely, flow of ion and an electron) 
which flows between a plasma production field and the fields near the front face of processed material will be 
lost. Moreover, if potential of said electrode is made small compared with plasma potential, it will be prevented 
that a high energy electron trespasses upon the field near the front face of processed material from a plasma 
production field, and the excessive solution to will be controlled. 
[0021] 

[Embodiment of the Invention] An example of the structure of an inductive coupled plasma CVD system based 
on this invention is shown in drawing 1 . The reaction chamber 1 consists of a side attachment wall 2, a top 
cover 3, and a lower lid 4. The dielectric window 5 made from a quartz is formed in the top face of a top cover 3. 
The copper ring-like antenna 6 is installed on the dielectric window 5, and the ring-like antenna 6 is connected 
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to RF generator 8 (the first power source) through the matching box 7. Between the dielectric window 5 and the 
top cover 3, O ring 9 is arranged and the seal of the interior of a reaction chamber 1 is carried out. 
[0022] The stage 41 is installed on the lower lid 4 of a reaction chamber 1, and a wafer 20 (processed material) 
is set to the upper part of a stage 41. In addition, in this example, the size of a wafer 20 is 6 inches (150mmphi). 
[0023] The exhaust pipe 26 is connected to the lower lid 4, a turbo molecular pump 43 is connected to an 
exhaust pipe 26, and the exhaust side is connected to the rotary pump 45. The oxygen gas supply nozzle 14 of 
the shape of a ring which turns and supplies oxygen gas to the inferior surface of tongue of a dielectric window 5 
is arranged at the top-cover 3 bottom of a reaction chamber 1. This oxygen gas supply nozzle 14 is connected 
to the oxygen cylinder (not shown) arranged to the exterior of a reaction chamber 1. In addition, the effective 
diameter of a dielectric window 5 is 300mm, and the distance from the inferior surface of tongue of a dielectric 
window 5 to the oxygen gas supply nozzle 14 is 15mm. 

[0024] The reactant gas supply nozzle 21 which supplies JIKURORU silane gas (reactant gas) near the front face 
of a wafer 20 above the stage 41 is arranged, and the reactant gas supply nozzle 21 is connected to the 
reactant gas source of supply (not shown) arranged to the exterior of a reaction chamber 1. As shown in drawin g 
1 , the reactant gas supply nozzle 21 is located above the core of a wafer 20, turns JIKURORU silane gas to 
wafer 20 downward front face, and spouts it. In addition, the distance from the wafer 20 to the reactant gas 
supply nozzle 21 is 25mm. 

[0025] Furthermore, between the oxygen gas supply nozzle 14 and the reactant gas supply nozzle 21, the grid- 
like electrode 51 is arranged so that the ring-like nozzle [ oxygen gas supply ] 14 bottom may be covered 
completely. This electrode 51 is copper sheet metal with 1mm [ in thickness ], and a diameter of 320mm, and the 
through tube 52 with a diameter of 3mm is arranged by this electrode 51 in 6mm pitch of each every direction. 
Moreover, the distance from 10mm and the electrode 51 to the reactant gas supply nozzle 21 of the distance 
from the electrode 51 to the oxygen gas supply nozzle 14 is 18mm. 

[0026] The power source 53 (the second power source) which supplies an electrical potential difference to an 
electrode 51 is formed in the exterior of a reaction chamber. In addition, the electrode 51 is attached in the 
reaction chamber 1 using the insulating insulator 55, and the insulating insulator 56 is formed in the part by 
which the wiring 57 which connects an electrode 51 with a power source 53 penetrates a reaction chamber 1. 
[0027] Next, it is Si02 to the front face of a wafer 20 about operation of this inductive coupled plasma CVD 
system. It explains taking the case of the case where a thin film is formed, the interior of the reaction chamber 1 
after setting a wafer 20 on the stage 41 in a reaction chamber 1 — an exhaust pipe 26 — minding — a turbo 
molecular pump 43 — 10-6 Torr up to — it exhausts. 

[0028] From the oxygen gas supply nozzle 14, the oxygen gas of 0.5SLM is supplied to the interior of a reaction 
chamber 1. From the reactant gas supply nozzle 21, the JIKURORU silane gas (SiH2 CI2) of 0.1 SLM is supplied. 
[0029] It is 10-2 Torr about the pressure in a reaction chamber 1. After adjusting, the electrical potential 
difference of -30V is impressed to an electrode 51. 3kW high-frequency power is supplied to the ringHike 
antenna 6 through a matching box 7 from RF generator 8. Oxygen gas is excited by the above and the oxygen 
gas plasma 28 is formed in the dielectric window 5 bottom of it. 

[0030] The energy of the electron in the interior of the oxygen gas plasma 28 is very large. By impressing the 
electrical potential difference of -30V to the electrode 51 arranged between the oxygen gas supply nozzle 14 
and the reactant gas supply nozzle 21, it is prevented that such a high energy electron trespasses upon the field 
near the front face of a wafer 20 from the oxygen plasma production field 28, and the excessive solution of 
JIKURORU silane gas is controlled. 

[0031] On the other hand, since the active oxygen generated in the oxygen gas plasma 28 has the charge of 
1.6x10-19 C, it is accelerated with an electrode 51, and it passes the through tube 52 prepared in the electrode 
51, and reaches near the front face of a wafer 20. It is decomposed by this active oxygen and the JIKURORU 
silane gas supplied near the front face of a wafer 20 is Si02 on a wafer 20. A thin film accumulates. 
[0032] In addition, management of the deposited thickness may be managed by in situ observation, and may be 
managed by the membrane formation rate and time amount. After formation of a thin film is completed, RF 
generator 8 and a power source 53 are shut off, supply of oxygen gas and JIKURORU silane gas is suspended, 
these gas is exhausted through an exhaust pipe 26 from the inside of a reaction chamber 1, and the formation 
process of a thin film is completed. 

[0033] In addition, this invention is not limited to the configuration shown in the example of drawing 1 , but can 
perform and apply various deformation. For example, as a dielectric window 5, although an electric wave besides 
a quartz is penetrated, infrared radiation can also use an ingredient like the alumina which is not penetrated. If 
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needed, the ring-like antenna 6 can also consist of tubular members so that cooling water may be poured to the 
interior. Although the stage 41 is made fixed in this example, it can also make pivotable structure homogeneity in 
a wafer of a thin film formation rate that it should improve. In this example, although not carried out, the 
temperature up of a wafer 20 builds a heater into the interior of a stage 41, when performing a temperature up. It 
is also good to lay on a stage 41, and it can also fix maintenance of a wafer 20 to a stage 41 using a vacuum 
chuck etc. 

[0034] Moreover, what prepared many slots besides a round hole in the metal plate is sufficient as the grid-like 
electrode 51, or a wire gauze-like thing is sufficient as it. Moreover, an electrode 51 is covered with silica glass 
etc. when the contamination in the reaction chamber resulting from an electrode 51 poses a problem. However, 
it is necessary to use a power source 53 as an RF generator, and to supply high-frequency voltage to an 
electrode 51 in that case, and, and a matching box is needed. 

[0035] Moreover, inert gas like nitrogen gas may be mixed into the oxygen gas to supply. Such an approach is 
useful, when changing a refractive index in manufacture of optical waveguide and forming membranes. 
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[Example] When 3kW high-frequency power was impressed to an antenna, thin film formation was performed 
using the inductive coupled plasma CVD system of the conventional structure and the distance to an antenna 
and a wafer front face was close brought to 40mm, generating of Si particle was seen and membraneous quality 
got very bad. However, in the inductive coupled plasma CVD system of this invention, when the thin film was 
formed on the same conditions as the above, 5 micrometer/min was completely obtained as a membrane 
formation rate satisfactory on membraneous quality. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing an example of an inductive coupled plasma CVD system based on this invention. 
[Drawing 2] Drawing showing an example of the conventional inductive coupled plasma CVD system. 
[Description of Notations] 

1 ... Reaction chamber, 

2 ... Side attachment wall, 

3 ... Top cover, 

4 ... Bottom lid, 

5 ... Dielectric window, 

6 ... Ring-like antenna, 

7 ... Matching box, 

8 ... RF generator (the first power source), 
14 ... Oxygen gas supply nozzle, 

19... Heater, 

20 ... Wafer, 

21 ... Reactant gas supply nozzle, 

26 ... Exhaust pipe, 

27 ... Circular ring made from a quartz, 

28 ... Oxygen gas plasma, 
31 ... Bomb of oxygen gas, 
41 ... Stage, 

43 ... Turbo molecular pump 
45 ... Rotary pump, 

51 ... Grid-like electrode, 

52 ... Through tube, 

53 ... Power source (the second power source), 
55 56 ... Insulating insulator. 
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DRAWINGS 



[Drawing 1] 




-43 



-45 



[Drawing 2] 
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